Introduction
This article describes the Weight Loss Maintenance Trial (WLM), a multi-site NIH trial comparing two lifestyle interventions designed to promote weight maintenance to a self-directed (SD) intervention in adults who have completed a group-based weight loss program. This article highlights the design and methods of WLM and informs readers of discussions of critical issues and lessons learned.
Background
Overweight and obesity are a leading cause of preventable death, with an estimated 65% of US adults overweight or obese [1] [2] [3] . Obesity has been linked to increased overall mortality [4] [5] [6] and decreased life expectancy [7] , in large part, related to cardiovascular disease (CVD) [8] [9] [10] [11] [12] [13] [14] [15] [16] . The costs of obesity and related conditions are astounding [5, [17] [18] [19] , and the annual US medical expenditures attributed to obesity now exceed $100 billion [20] . As prevalence and costs of obesity and comorbid CVD continue to rise, controlling the obesity epidemic has become one of the nation's top health priorities [21, 22] .
Fortunately, the effects of obesity and overweight on CVD risk factors are reversible. Research has shown that short-term weight loss can be reasonably attained, and can reduce CVD risk factors. Relatively modest amounts of weight loss can lower blood pressure [23] [24] [25] [26] and prevent hypertension, as well as improve blood lipid profiles [27] . However, a major factor adversely affecting obesity-related health outcomes is weight regain after initial weight loss. While there is extensive evidence suggesting that weight loss can be achieved over the short-term, weight regain is common.
Evidence on strategies to maintain weight loss is sparse. Although, long-term weight loss trials are available in the literature, few studies have tested alternative strategies designed to sustain weight loss once it has been achieved [28] [29] [30] . Specifically, most 'maintenance' studies have followed individuals over a period of time after participation in a weight loss, dietary change, or physical activity program. The interventions may have been prolonged, but the studies were not specifically designed to test alternative strategies for weight loss maintenance.
Most trials using weight management have relied on lifestyle counseling delivered in group or individual formats. Recently, other delivery methods have shown promise for promoting health behavior change [31] . Telephone counseling has been shown to improve adherence to physical activity [32] , promote self-monitoring of dietary intake and physical activity [33] , and improve diabetes control [34] . The telephone provides an alternative delivery method of lifestyle interventions that may prove helpful for long-term intensive follow-up due to low participant burden (e.g., flexible scheduling and no need to travel). Additionally, alternative communication technologies (e.g., internet based programs) may also have potential [35] [36] [37] [38] [39] [40] [41] .
Purpose
To address the need for more research on strategies for maintaining weight loss, WLM compared two active lifestyle interventions designed to promote weight maintenance to a minimal treatment intervention. One intervention was delivered through personal contacts (PC) completed mainly by telephone. Another relied on an internet based program. Unlike prior studies of extended treatment, WLM was the first multisite lifestyle modification trial in a large and diverse group of participants to compare alternative interventions specifically designed to promote weight loss maintenance. WLM was also the first multisite randomized controlled lifestyle trial to employ weight change as opposed to risk factor change as its primary outcome. WLM targeted a high-risk population (individuals with CVD risk factors), so it has significant public health implications. It included a large proportion of African Americans and emphasized culturally sensitive strategies delivered through novel methods. Additionally, the maintenance strategies tested were designed to maximize the potential for rapid translation into the public health sector and the medical care setting.
Methods
WLM was an investigator-initiated clinical trial with two phases -a 6 month, group-based intensive intervention (Phase I) followed by a 30 month trial (Phase II) which tested different strategies to maintain weight loss ( Figure 1 [42] .
Eligibility
Eligibility criteria for Phase I (Table 1) included overweight or obese adults who were taking medication for hypertension and/or dyslipidemia, and were willing to lose at least 4 kg during the initial 6 month weight loss program. A complete list of eligibility criteria is available at the WLM protocol website (www.kpchr.org/wlmpublic). After completion of the intensive weight loss program, participants were required to meet a second set of eligibility requirements. The primary inclusion criterion for randomization into Phase II (Table 1 ) was the loss of at least 4 kg during Phase I. Investigators considered 4 kg to be a clinically meaningful amount of weight loss and what we could reasonably expect from at least 50% of our participants based on our previous experience in the PREMIER trial [43] . Randomization assignments were stratified by clinic site, race (i.e., African American vs. non African American), and amount of weight loss during Phase I, and were also blocked to provide a balance in treatment assignments over time.
Design consideration (study population)
The choice of study population was an initial design consideration that received much review. Utilizing an overweight or obese population receiving medication treatment for a CVD risk factor has advantages: (a) this population is at high-risk for CVD and (b) participants will likely be motivated to make and sustain lifestyle modifications. Additionally, the health care industry generally focuses on high-risk populations in order to enhance the efficiency of its interventions.
The investigators deliberated on the inclusion of medication-treated persons with diabetes in the study. While enrollment of a population with diabetes would have been desirable, their inclusion presents a host of concerns including (a) assessment of subclinical coronary artery disease and (b) the potential of weight loss to increase the risk of medication-induced hypoglycemia. We decided to exclude medication-treated persons with diabetes, because the monitoring was beyond the scope of the trial. 
Interventions
Phase I and II intervention components incorporated behaviorally-based theories such as social cognitive theory [44] , behavioral self-management techniques [45] , the transtheoretical model [46, 47] , and motivational enhancement techniques [48, 49] . The interventions were designed to be culturally sensitive and special attention was given to maintain the cultural appropriateness of the interventions for African Americans. Specifically, materials were adapted to reflect concerns commonly reported in African American communities with regards to dieting and physical activity (e.g., maintenance of hair style during and after physical activity, desire to maintain 'womanly shape', adapting recipes to reflect taste preferences of Southern African Americans, and all material handouts to reflect a range of ages and ethnicities). Additionally, a Minority Implementation Committee reviewed all intervention components and cultural sensitivity training was ongoing for staff who had contact with participants.
Phase I: weight loss program
During Phase I, all eligible participants engaged in an intensive 6 month weight loss program consisting of 20 weekly group sessions. This intervention was based on the current state of knowledge about weight loss strategies; decreased calorie consumption and increased physical activity. Participants were encouraged to follow the DASH (Dietary Approaches to Stop Hypertension) eating pattern [50] . The dietary goals of DASH are to increase the consumption of fruits, vegetables, and low-fat dairy products, and reduce intake of saturated and total fat. The high-fiber and low-fat content of DASH make it particularly appropriate for weight loss.
Group sessions were designed to be participantcentered and interactive. Sessions were approximately 1.5 h in duration with 18-25 participants per group. Guided physical activity or food demonstrations were included in many of the group sessions. Information in the Phase I groups was based on current clinical practice guidelines for obesity treatment, and for individuals with increased risk for CVD [1] . Lifestyle goals for Phase I included engaging in 180 min per week of moderate physical activity, and following a healthy diet (e.g., DASH) [50] . Additional intervention dietary suggestions, not specifically targeting weight loss, were based on the National High Blood Pressure Education Program recommendations; including a reduction in sodium intake and limiting alcohol intake [51] .
The Phase I weight loss program included frequent contacts, social support, goal-setting, decision-making, and problem-solving. Additional strategies included self-monitoring and personalized plans for diet and physical activity, increased physical activity, portion control, moderate caloric restriction, reduction in sodium intake, increased fruit and vegetable consumption, contingency planning for undesired behavior, developing core food-choice competencies, and social support for behavior change.
Phase II: maintenance interventions
During the maintenance phase (Phase II), the goals for physical activity, dietary pattern, and calorie levels were the same across all three randomized conditions ( Table 2 ). All participants were provided with individualized goals for caloric intake based on personalized needs for weight maintenance or additional weight loss. Calorie ranges were determined using standard formulas and were tailored to participants' physical activity level [52] . The physical activity goal for Phase II was to increase moderate intensity physical activity to an average of at least 45 min per day at least five times each week. This was an increase of 45 min per week over the Phase I goals. The increase in physical activity during the maintenance phase was based on research findings suggesting that higher levels of physical activity are required for maintaining weight loss [53] .
The active maintenance interventions are based on previous research findings supporting the use of approaches associated with sustained weight loss (e.g., frequent contacts, self-monitoring, regular physical activity, accountability, tailored reinforcement, social support, problem-solving, and relapse prevention), and innovative counseling methods (e.g., motivational interviewing) designed to enhance participant involvement and adherence [54] . Care was taken to make the content of the two lifestyle interventions similar ( Table 2) .
Design considerations (maintenance interventions)
We considered a wide variety of alternative intervention strategies for this trial. One of the most effective initial intervention techniques is a prolonged series of weekly group sessions. This method is less expensive than individual intervention sessions and offers the benefit of social support. Although, effective in the short-term, multiple-year intervention studies have not been successful in maintaining attendance in more than a small proportion of participants. Therefore, we chose to study continuing intervention contact strategies that make fewer demands on participant time and travel, but still provide frequent opportunities for interaction and individualization. The two most attractive approaches are (1) a combination of telephone and individual contacts, and (2) an internet-based automated program. Both allow flexibility in scheduling and both allow considerable individualization. We considered using a postcard contact system, but chose not to do so based on our experience in the PREMIER trial [43] . Interviews with PREMIER participants suggested a strong preference for telephone contacts and other interactive channels such as email and websites.
We considered designing the two lifestyle interventions with equal numbers of contacts occurring on the same schedule. Although, attractive from a theoretical design perspective, this matching approach would not make sense for a web-based intervention program. One of the most attractive aspects of the web-based approach is that participants can contact the system as frequently as they wish, and at any time. This level of flexibility and access is simply not practical in a low-tech, case-management program delivered 
Personal Contact (PC) intervention
The PC intervention offered personal guidance and support in maintaining weight loss. Monthly contacts with an interventionist occurred for 30 months after the end of Phase I. Face-to-face contacts occurred approximately every four months, with telephone contacts occurring monthly between face-to-face contacts. Faceto-face contacts involved a one-on-one session or were conducted in a group format with other PC participants. In addition to the planned monthly contacts, two supplemental contacts per year were allowed. Selection of this frequency of visits was based on information from previous studies examining contact frequency to enhance maintenance [55] , disease management programs [56] , and suggested frequency of contacts from the Medicare Medical Nutrition Therapy Amendment Act of 2001 [57] . Standardized materials and procedures including topical discussions and case scenarios for problem-solving specific situations and barriers guided the PC. Telephone contacts started with rapport building, followed by a review of the diet and activity efforts and progress for the previous month. Particular attention was given to identifying barriers to success encountered during the past month. After identifying an obstacle, problemsolving techniques were used to develop a plan to overcome the obstacle.
Face-to-face contacts were $45 min in duration, and included a weigh-in, a review of selfmonitoring and goals, and a brief review of the previous month's performance. High-risk situations were discussed followed by problem-solving tailored to the participant's choice and need. Brief vignettes focusing on practical maintenance elements (e.g., managing stress) were chosen for discussion based on the needs of the participant. Each session ended with setting goals and action plans for weight, dietary intake, and physical activity in the upcoming month.
Interactive Technology intervention
Similar to the PC intervention, the Interactive Technology intervention was also founded on key behavior change strategies. However, this maintenance intervention used an internet website and automated phone technology to deliver the intervention. The WLM website was password protected and utilized state of the art security measures. Several website features (e.g., weekly tips and polls, personal profiles, a bulletin board for communication with other participants, links to reliable health and weight loss related information, and printable program materials and resources) were used to maintain participant interest.
At randomization, all Interactive Technology participants received a face-to-face, 45 min orientation demonstrating how to use the website. During this orientation, participants developed a personal action plan regarding weight, physical activity, and dietary goals using the interactive website. The website provided personally tailored goal setting and problem-solving programs to help participants develop action plans for perceived obstacles to success. In order to tailor the intervention to the needs of the participant, the action plan could be updated anytime. Participants were encouraged to input data on weight, food records, physical activity, and goals on a weekly basis. Participants had the option of logging on to the website to enter data, to communicate with other participants, or to seek other information, as frequently as they wished. Additional individual tailoring included: automated feedback in the form of weight and exercise graphs, personalized messages, and tailored progress reports to assist with motivation and relapse prevention. In addition to the face-to-face orientation at randomization, all Interactive Technology participants were invited to attend a group reorientation visit following 12 month data collection. The purpose of this visit was to familiarize the participants with new features on the website, and reenergize their maintenance efforts.
Continued use of the website was encouraged with automated email and telephone prompts. Participants who missed their scheduled log-in were sent an automated email reminding them to check-in on the website. Subsequent emails and automated telephone prompts were sent if a log-in had not occurred. If the participant did not respond to the second automated call they were contacted directly by a project staff member and encouraged to return to the website.
Self-directed/usual care condition
Participants randomized to the control arm received support and encouragement with a minimal contact schedule. At the randomization visit, participants met with a study interventionist to discuss their assignment, and received encouragement for attending future measurement visits. Participants in this arm received printed lifestyle guidelines with diet and physical activity recommendations. At the 12 month and 30 month follow-up visits, participants met with a study interventionist for a brief session to discuss their continued participation in the study. Although, the number of contacts exceeded what is typically viewed as usual care, we decided to provide the extra contact to ensure continued follow-up over a lengthy maintenance phase.
Design considerations (alternative intervention designs)
The two lifestyle maintenance interventions were designed as practical programs that could be implemented in a health care delivery or community setting. The major advantage of the PC maintenance program was its simplicity. This program could be implemented anywhere and the only technology required is the telephone. A monthly contact schedule was selected as a reasonable balance between minimizing cost while still having a positive effect on maintenance. Monthly contacts have been used in the maintenance phase of many weight loss trials [26, 58] . The Interactive Technology intervention has the advantage of comparatively low per-capita cost when used on a large scale. Other advantages of the Interactive Technology strategy included 24 h per day participant access and no need for travel to meet with a counselor. That is, the Interactive Technology approach was more time efficient for participants. Although, using a website is a relatively new approach to weight loss, some pioneering studies have shown promising results [39, 40] . The main challenge with an internet-based intervention is maintaining participant involvement. A successful Interactive Technology intervention would have potential for wide dissemination at a very low per-capita cost.
Since one of the planned interventions required regular use of a website, we initially screened participants for their ability to use the internet by having them self-report whether they used the internet and to supply an active email address. During early stages of recruitment, it was determined that a more vigorous screening procedure for assessing internet knowledge would be required. Several participants supplied email addresses belonging to friends/family members, and some had no experience with the internet. In future cohorts, we decided to screen for ability to receive electronic mail and use a simple interactive website.
Screening volunteers were asked to provide their email address and were sent an email message containing the address of a screening website and a unique password to be entered on that site. Individuals who could not complete this sequence for any reason were ineligible for the study. We were concerned that this requirement may exclude a substantial proportion of otherwise eligible individuals and that it would limit the generalizability of our findings. Specifically, those individuals with low SES, who may be in need of weight loss strategies may have been excluded due to restricted access to internet or low skill set for using the internet. However, we did not want to take the chance that the internet-based maintenance program could fail simply because a proportion of the participants could not use the required technology. We considered providing computers and internet access to participants, who did not have current access either at home, at their workplace, or through some other source, but decided to use the simpler and less expensive screening strategy. The impact of this decision on generalizability is mitigated by the rapid pace at which internet technology is becoming integrated into the daily life of a broad spectrum of Americans.
The comparison of the lifestyle maintenance intervention programs to a minimal treatment, usual care control intervention was an important part of the trial. Given the face validity of this maintenance strategy, and the ease of implementation in practically any setting, testing in a controlled trial is quite important. The usual care condition provided heightened sensitivity to find differences between the lifestyle interventions. Although, a total no treatment control would have been optimal, we decided that this would have created an ethical dilemma. Specifically, we believed it unreasonable to request overweight individuals with CVD risk who are motivated to lose weight to hold off on treatment for the duration of the trial. Furthermore, the likelihood of retaining these individuals for the entirety of the study would have been greatly diminished.
Results
A schedule of measurements is available at the WLM protocol website (www.kpchr.org/wlmpublic). The primary outcome variable for the trial was change in weight from baseline (i.e., randomization after completion of Phase I) to the end of follow-up at 30 months. Weight was measured in duplicate on two separate days at entry (before Phase I), baseline (at the end of Phase I), 12, and 30 months. Weight was measured in duplicate once at a single clinic visit occurring at 6, 18, and 24 months after randomization. The first entry weight taken at screening and height measured with a calibrated, wall-mounted stadiometer were used to compute BMI for eligibility into Phase I. The second entry weight served as the starting point for calculating Phase I weight loss and assessing Phase II eligibility. Both baseline weights (i.e., at the end of Phase I) had to be at least 4 kg less than the second entry weight in order for the participant to be eligible for randomization into Phase II. The second baseline weight served as the starting point for calculating post-randomization weight loss maintenance.
Secondary outcome measures included process measures (attendance and self-monitoring), measures of behavior change (total energy intake, dietary pattern, and physical activity), psychosocial variables (social support, quality of life, and perceived stress), costs, and the control, incidence, and medication treatment of CVD risk factors.
Data analysis plan
The planned primary analysis was intent-to-treat (ITT) with the primary outcome variable being change in weight from baseline (i.e., randomization after Phase I) to month 30 post randomization. The primary aims of the trial were to compare the effectiveness of each of the active lifestyle interventions (PC and Interactive Technology) versus a self-directed intervention in maintaining weight loss from randomization to the end of Phase II maintenance. The primary null hypothesis was: The PC and Interactive Technology interventions do not differ from SD in the change in weight over the 30 month maintenance period. Alternative hypotheses were: (1) The PC intervention differed from SD in the amount of weight change over the 30 month maintenance period, and (2) The Interactive Technology intervention differed from SD in the amount of weight change over the 30 month maintenance period. It was hypothesized that both PC and Interactive Technology would be different from SD as a means to sustain weight loss. However, there was less certainty regarding the relative effects of PC and Interactive Technology. Therefore, contrast between the PC and Interactive Technology interventions was a secondary aim. A test of the null hypothesis that 2 À 1 ¼ 0 would be executed only if at least one of the previous two null hypotheses is rejected. In order to preserve the experiment-wide Type I error rate at .05 for the primary outcome analysis, we applied the Holm sequential testing procedure to the two hypotheses 1 ¼ 0 and 2 ¼ 0 at overall level .05 (both of which are two-sided tests) [59] .
The sample size for the trial (n ¼ 800) was designed to provide adequate power for the overall study comparisons, as well as for subgroup analyses. Since randomization occurred after an initial 6 month weight loss phase, the sample size calculations were based on the number randomized into Phase II, rather than the number who started Phase I. In order to randomize 800 participants, we anticipated that we would require 1600 participants to enter Phase I. This estimate assumed a 10% attrition rate during the 6 month weight loss phase, that 35% of participants would complete Phase I but fail to lose at least the 4 kg of weight required for randomization, and that 5% of those who were eligible would decline to be randomized. These estimates were based on the experience in the PREMIER study in which 6 month follow-up rates were 94%, and 50% of participants had lost 4 kg or more at the 6 month visit [43] . With a sample size of 800 randomized participants, the study had 90% power to detect approximately a 2.0 kg difference in weight change between either of the active lifestyle intervention groups (Personal Contact or Interactive Technology) and the SD group overall. Additionally, there was 80% power to detect treatment differences of $2.7 kg among African American participants.
Design considerations (outcomes)
The primary outcome in this study was change in weight rather than change in blood pressure or change in another CVD risk factor. The choice of weight reflects two important considerations. First, excess weight is a major modifiable independent CVD risk factor which also has powerful effects on other major risk factors (blood pressure, dyslipidemia, and diabetes). It is reasonable to expect that changes in weight would lead to changes in risk factors [24] [25] [26] [27] [28] . A second major consideration was the extraordinarily high and increasing prevalence of overweight and obesity. Third, changes in medication usage for CVD risk factors would likely occur over the extended follow-up period (more medication use in the control arm and less use in the active intervention groups). Such differences would reduce the contrast between active and control groups and bias towards the null for CVD risk factors measured as continuous variables.
We compared the change in weight from just prior to randomization (baseline) to the end of follow-up. We chose this time-point for our baseline assessment because we were most interested in maintenance of weight loss as opposed to weight loss itself. We acknowledged the importance of describing weight change from the start of the initial weight loss intervention, at randomization and then again at the end of follow-up. Accordingly, in secondary analyses we compared weight change from the start of Phase I to the end of follow-up.
One of the most hotly debated issues that the trial encountered was the extent to which key intervention leadership, including certain investigators, could view the aggregate weight data (both clinic weights and weights collected as part of the interventions). This trial was unusual in that weight was the primary outcome of the trial and investigators are typically blind to primary outcomes during conduct of a clinical trial. Some investigators argued that weight should be viewed as a process variable necessary for ongoing adaptation of a well run behavioral weight loss intervention. In the end, with guidance from the trial's DSMB, the investigators who designed and monitored the intervention chose not to monitor aggregate weight data, whether measured in the clinic or as part of the interventions. Instead, the investigators chose to allow other process data such as selfreported days of physical activity and log-ins to the website to guide the interventions.
Limitations
There were a few additional design concerns: the measurement of risk factors and of physical activity. The decision to enroll persons on medicationtreatment for BP or lipids complicates the measurement of BP and lipid levels as outcomes which are best measured without the confounding effects of medication. While the interventions should reduce BP and improve lipid profiles, it is also possible that medications could be titrated downward or even stopped in the setting of substantial weight loss. Such reductions in medication use complicates the interpretation of absolute BP and lipid levels. Given these considerations, we decided to use control of BP and control of lipids as secondary outcomes. Finally, self-reported physical activity, even as assessed during interview administered questionnaires, is fraught with difficulty including random measurement error. Given the importance of physical activity as a determinant of sustained weight loss, we decided to use an objective measurement, accelerometry. While this technique has intuitive appeal, there are several unresolved logistical issues, including number of measurement days and an explicit definition of the outcome variable. In the end, we included this measurement but reporting of this secondary outcome will require methodological developments related to interpretation of the data.
Conclusions
WLM was an NHLBI funded multi-center randomized trial of two active lifestyle interventions for maintaining weight loss compared with a selfdirection control condition. This article reviewed several design considerations for the trial as well as important lessons we learned that may prove beneficial to future clinical trials. WLM was the largest and longest study to test behavioral strategies for weight loss maintenance. Strategies employed in WLM were selected in part for their ease of dissemination should they prove efficacious in maintaining weight loss. The results of WLM have important implications for translating these interventions to clinical practice as well as for a broader public health implementation. WLM will generate important and novel information about the effects of behavioral strategies relevant to both public health and clinical approaches.
